Algae-silica (AS) hybrid material from biomass Porphyridium sp. has been modified by coating Fe (AS-MPs). The AS-MPs produced were applied as adsorbent for the adsorption of methylene blue (MB). Identification of functional groups was performed by infrared spectrometer indicating that in AS-MPs there were active organic groups derived from Porphyridium sp., silanol and siloxane. Diffraction pattern of the AS-MP material analyzed by X-ray diffraction showed that the material showed that the average particle size distribution of the AS-MP material was 1.40 µm. In addition to the results of the analysis using scanning electron microscopy, material of AS-MPs has a more heterogeneous surface morphology. The models of MB adsorption by AS and AS-MP tend to follow the pseudo-second-order kinetic model and Freundlich adsorption isotherm. The adsorption of MB solution by AS-MP produces rate constants (k 2 ) of 0.003 g mg -1 min and adsorption capacity (q m ) of 96.927 mg g -1 under the experimental conditions of dose of adsorbent of 2.5 mg L -1 , interaction pH of this study can be used as an effective adsorbent because it can remove MB dyestuff in solution, it is chemically stable in acidic and neutral media, and it can be used repeatedly.
Introduction
Increases in pollutants derived from coloring agents have tended to increase [1-3], especially pollutants derived from wastewater from various industrial activities that have an impact on environmental pollution. If dye is present in the wastewater, the mixture becomes more stable and more difficult to decompose due to the formation of more complex chemical structures [4] . Nearly 10,000 types of dyes with an amount of more than 7 × 10 5 tons are produced annually [5] , and 10%-15% of these dyes are mixed in the waters [6, 7] , which results in environmental pollution. One of the most widely used dyestuffs is the methylene blue (MB) dye because it is a basic substance with good solubility. The MB is a basic aniline dye with molecular for- wool, and silk. The MB dyestuff is reported to cause bad effects on humans, animals, and microorganisms as well as increase environmental pollution [8, 9] . In addition, the MB dyestuff is an aromatic compound with a complex structure and difficult to degrade. Therefore, it is important to control the discharge of MB dyestuff into the wastewater before being released into the environment in an effective way. One of the most appropriate ways is to process waste containing the dyestuff before it is discharged into the environment. Dye wastewater treatment can be done using adsorption method because this method is simple, relatively inexpensive, and does not generate byproducts that are harmful to the environment [10] [11] [12] . The success of the adsorption process is determined by the appropriateness of the nature and type of adsorbent used. The effective adsorbent for adsorption is the adsorbent which has a large rate and adsorption capacity, chemical stability, environmental friendly, and can be used repeatedly [13, 14] . Various adsorbents such as sepiolite [15] and vermiculite [16] were successfully used to remove dyes from aqueous solution.
In general, filtration and centrifugation are used after adsorption process. [2], and nanocomposite mesoporous silica [8] .
In order to increase the adsorption capacity of the magnetic adsorbent, the magnetic adsorbent synthesis can be combined by adding an active group derived from algae biomass. Algae biomass is naturally an effective adsorbent for absorbing pollutants in both inorganic compounds such as heavy metals [21] [22] [23] and organic compounds derived from dyestuffs [4, 14, 24] . Several studies have shown that algae are alive and in the form of their biomass can adsorb chemical compounds, especially those containing cations such as metal ions and organic cations [22, 24, 25] .
The adsorption ability of algae biomass as adsorbent can be increased by immobilizing algae biomass using various supporting polymers which are generally inorganic solids such as silica [26] [27] [28] [29] . Enhancement of adsorption rate from adsorbate on the adsorbent was carried out using magnetite particle coating technique on silica as a biomass support matrix [30] [31] [32] [33] . By using the technique, an adsorbent with high adsorption rate and capacity of the target compound (adsorbate) can be obtained and can quickly separate the target compound [34, 35] .
In this study, AS-MPs have been synthesized through a sol-gel process using tetraethyl orthosilicate (TEOS) as the precursor and organic group of Porphyridium sp. biomass and coated with MPs. The synthesis of this adsorbent has never been done by previous researchers. The study of the adsorption of AS-MP material on the dyestuff of MB in solution includes the effect of adsorbent dose, the adsorption kinetics and isotherms of the absorbent to the dyestuff of MB, chemical stability, and reusability of the adsorbent. The AS-MP material is effective as an adsorbent for the removal of MB dyestuff from the solution, especially for the water treatment process from MB dyestuff contaminants.
Experimental methods

Materials
Porphyridium sp. biomass was obtained from the Lampung Indonesia. All chemicals used in the research were of analyt- particles (MPs) used in this study were synthesized based on procedures performed by previous researchers [33] .
Preparation of AS-MPs
The AS-MP synthesis was carried out by interacting 5 mL of TEOS, 2.5 mL of distilled water, and 0.1 g of MPs in a plastic bottle by stirring for 30 min. During stirring, 1M solution of a different plastic bottle, 0.6 g Porphyridium sp. biomass was mixed with 5 mL of ethanol, and the mixture was stirred for 30 min (solution 2). By stirring, solution 1 was mixed with solution 2 to obtain a gel. The gel produced was left for 24 h, cleaned by water and ethanol up to the pH of filtrate was was constant. The dried material was ground and sieved through a sieve of 200 mesh. Synthesis of AS was carried out by a similar procedure applied to yield AS-MPs, but without adding the MPs.
Characterization of the AS and AS-MPs
The synthesis resulted in a material that was characterized by an infrared (IR) spectrometer Prestige-21 Shimadzu, Japan to identify functional groups that existed in the material. The crystal structure of the material was analyzed by X-ray diffraction (XRD) (Shimadzu 6000, Japan); the surface morphology and constituent elements were investigated by scanning electron microscopy with energy dispersive X-ray -ticle size distribution of material was also investigated by Analysis of specific surface area and pore volumes was done using a surface area analyzer (Quantachrome TouchWin v1.0, U.S.A).
Batch adsorption experiment
Batch adsorption experiments were carried out to estimate the efficiency of AS and AS-MPs for the removal of MB from the artificially contaminated water. Stock solution of 1,000 mg L -1 of MB dyestuff was prepared by dissolving accurately weighed (1.0 g) amount of MB in 1 L of distilled water from which the solutions of desired concentrations were prepared by dilution. The adsorption process by batch method was carried out by interacting 20 mL of MB solution with the adsorbent of AS and AS-MPs stirred at 100 rpm effect of adsorbent dose, pH, contact time, and variation of MB solution concentration. The concentration of MB solution before and after the adsorption process was determined at a wavelength of 664 nm.
The amount of MB dyestuff adsorbed per unit mass of adsorbent and the percentage of MB adsorbed was determined using Eqs. (1)-(3).
where C 0 is concentration in the initial state, C e is concentration at equilibrium, C t is concentration at a certain time t of MB solution (mg L -1 ), m is the mass of adsorbent (g), V is the volume of the solution (L), q is the number of MB adsorbed per unit mass (mg g -1 ), and R is the percentage of the dyestuff of MB released.
Reusability of adsorbent
The ability to reuse AS-MP adsorbent on MB solution was studied by adsorption of MB for 5 repetitions. The adsorption was performed by interacting 50 mg of AS-MPs and 100 mg L -1 MB solution at pH 6, contact time of 60 min, and
The adsorbent regeneration was rinsed with distilled water for recurrent adsorption.
Chemical stability of adsorbent
The endurance of AS-MP adsorbents in acid, neutral, and alkaline solution media was studied by interacting AS-MPs distilled water, and 0.1M NaOH with variation of time 1-6 d. The concentration of Si dissolved in the filtrate was analyzed using atomic absorption spectrometer (Perkins Elmer 3110, U.S.A). The percentage of Si remaining in AS-MPs was calculated based on Eq. (4).
where [Si] 0 is the initial Si concentration in AS-MPs and [Si] t is the dissolved Si concentration each at time t in mg L -1 .
Results and discussion
Characterization of adsorbent
Synthesis of AS and AS-MP materials was performed through a sol-gel process using TEOS as a precursor and materials of AS and AS-MPs included functional group identification, crystalline level, particle size distribution, surface morphology, and material composition.
Identification of functional groups with IR spectroscopy has been performed to find out AS modifications that produce AS-MPs containing magnetite particles (Fig. 1 ). In )) derived from Porphyridium sp. biomass [26] . The presence of magnetite particles in AS-MPs can be known by the appearance of uptake at 563 cm -1 derived from Fe-O vibrations in MPs ( Fig. 1(a) ) [19, 20] which is also available on AS-MPs ( Fig. 1(c) ). (Fig. 2(a) ) material was observed that there were strong diffraction peaks each at the XRD pattern of a standard magnetite crystal [19, 30] with spinel structure having six characteristic peaks, according Standards. In the AS-MPs (Fig. 2(c) ), there is a change in the amorphous structure of AS (Fig. 2(b) ) because it is dominated by SiO 2 , which is characterized as amorphous [35] which is marked by the appearance of several peaks with great of MPs [31, 36] .
The effect of adding MPs on algae-silica (AS) hybrids was also studied by knowing the particle size distribution (Fig. 3) . The presence of magnetite particles on AS-MPs causes a decrease in average particle size distribution. The average particle size distribution in the AS without MPs is 1.47 µm and with the MPs falling to 1.40 µm. From Fig. 3 , it can also be seen that there is a decrease in percent volume for large particle diameters (1.83 µm) from 12.74% in the AS to 11.24% in AS-MPs and an increase in the percent volume of small particle size distribution (0.59 µm) in the AS by 4.17%-5.6% in AS-MPs. This suggests that the presence of MP particles causes a decrease in particle size distribution in AS-MPs. In addition, the specific surface area and pore volumes of AS and AS-MPs were determined through Brunauer-EmmettTeller equation. The results show that there is a decrease in the specific surface areas from 170.019 for AS and 104.873 m 2 g -1
for AS-MPs with pore volumes of 0.235 cm 3 g -1 for AS and 0.135 cm 3 g -1 for AS-MPs. SEM images and energy dispersive X-ray spectroscopy (EDX) spectra from AS and AS-MPs are shown in Fig. 4 . The results of surface morphology analysis with SEM show morphological differences on surface AS-MPs compared with AS, due to the presence of the magnetite particles. On the AS-MPs looks surface morphology which is more heterogeneous and contrast, this occurs because of the presence of Fe element derived from MPs while in the AS more dominated silica matrix so it is more homogeneous. The existence of MPs containing high atomic numbers in these materials causes a higher acceleration of atoms, producing a higher intensity contrast caused by broad scattering [33] . From the data EDX (Table 1) can also be known that on the AS-MPs, besides there are constituent elements derived from the silica matrix and Porphyridium sp. biomass, there are also other elements that come from magnetite (Fe and O) as shown in Fig. 4(b) and Table 1 .
Adsorption
Effect of adsorbent dose
The effect of adsorbent dose of AS and AS-MPs in solution was studied using a range of adsorbent dose of 0.5-2.5 g L -1 (Fig. 5) . The increase in adsorption on the AS starts from 20% to 75% while on AS-MPs from 35% to 90%. The data shown in Fig. 5 indicate that the more amount of doses of the adsorbent interacted the more the amount of the adsorbed MB dye. The adsorbent mass is one of the decisive factors in the adsorption process [37] because the increased concentration of adsorbent used will increase the number of active sites of adsorbent in absorbing the adsorbate. The percentage of the adsorbed MB dyestuff on AS-MPs is greater than that on the AS; this occurs because on AS-MPs, there are MPs that cause the adsorbent to be magnetic, thus increasing the number of active sites of adsorbent [33] .
Effect of solution pH
One important factor to be considered in the adsorption process is the effect of the pH of the solution. Depending on the pH of medium, the surface can be positively, negatively, or even neutrally charged. In this study, the pH (point of zero charge) value used is in accordance with the results of previous studies with similar adsorbents [33] . In the process of adsorption of MB solution by AS and AS-MPs, the effect of pH was studied by varying MB solution using pH range of 2-9 (Fig. 6) .
From the data contained in Fig. 6 , it can be observed that the amount of MB dyestuff adsorbed increases with increasing pH of the MB solution and optimum at pH 6-8 and then begins to decrease at pH 9. Optimum condition of adsorption process of MB dyestuff on AS-MPs that happened at pH 6-8 tends to be in line with the value of pH determined by previous research [20, 33] on the adsorbents based on silica-magnetite nanoparticle and Tetraselmis sp. biomass modified with silica-coated magnetite nanoparticles with the value of pH 6.2 and 6.0. For medium pH above pH (pH > pH ), the adsorbent surface will be of negative charge caused by deprotonation of functional groups or adsorption of hydroxyl species. If medium pH is lower than pH (pH < pH ), the adsorbent surface will be of positive charge resulting from protonation of functional groups. As it is known, the MB dyestuff is cationic dyes that are positively charged while the adsorbents of AS and AS-MPs have functional groups such as amino, hydroxyl, and carboxyl derived from algae biomass and silanol groups that are negatively charged [21, 33] . At low pH, the adsorption process is not optimal because at this pH, there is competition between the dyestuff of MB with the proton contained on the AS and AS-MP active sites. This occurs because the active groups existing on the AS and AS-MPs undergo protonation resulting in the binding of ions of hydrogen (H + ) and hydronium (H 3 O + ) which will reduce the availability of the active sites in the adsorbent to interact with the cationic MB [38] . The increase in pH increases the electrostatic interaction between the cationic MB dyestuff and the negatively charged AS and AS-MP surface sites [20] . At a higher pH > 8, a decrease in adsorption begins. This is due to the formation of hydroxide species which tend to precipitate [34, 39] . Besides, silica as the matrix of AS and AS-MPs is less stable at high pH [13] ; consequently at this pH, the active sites on the adsorbent began to be damaged so that the adsorption of MB dyestuff decreased.
Influence of contact time
Influence of contact time of MB dyestuff with AS and AS-MPs was studied by interacting MB at interaction time varying from 0 to 90 min (Fig. 7) . From the data contained in Fig. 7 , it can be seen that generally the adsorption of the MB dyestuff is relatively fast. In the first 15 min, adsorption increased sharply with the percentage of MB dyestuff adsorbed on the AS and the AS-MPs, respectively, being 39.27% and 60.89%; then there was an increase of adsorbed MB dyestuff, and it reached constant at 60 min interaction time, respectively, for AS and AS-MPs of 64.12% and 90.65%. At this stage, the adsorption process is estimated to have reached equilibrium and the addition of time does not give rise to the amount of MB adsorbed.
The kinetic model of the adsorption process of MB dyestuff by AS and AS-MPs is determined using the data contained in Fig. 7 . The data were analyzed by kinetic models of pseudo-first order [Eq. (5) where q t and q e (mg g -1 ) are total MB dyestuff adsorption capacity at time t and at equilibrium, respectively, k 1 and k 2 are the first-order and second-order rate constants, respectively. The data of the experimental kinetics and the kinetic parameters are shown in Table 2 .
From the data contained in Table 2 , it can be seen that the kinetic model of MB dyestuff by the AS and AS-MPs tends to follow the pseudo-second-order kinetic model which is indicated by a higher correlation coefficient (R 2 ) value compared with R 2 on the pseudo-first-order kinetic model. The R 2 values of the pseudo-second-order kinetic models are 0.989 for AS and 0.991 for AS-MPs, respectively, as shown in Table 2 . The good agreement between the experimental data and pseudo-second-order model can further be supported by the similar value of the experimental q e (exp) and the calculated q e (cal) from the kinetic equation. In Table 2 , it can be seen that the pseudo-second-order adsorption rate constant (k 2 ) of MB by AS-MPs is larger than that of the AS. In AS-MPs, in addition, there are an active group of Porphrydium sp. algae biomass and the silica matrix, and the presence of MPs causes the adsorbent to be magnetic. The coating of magnetite particles on silica as an algae biomass support matrix causes an increase in the adsorption rate of the adsorbate on the adsorbent [31,32,34].
The influence of MB concentration
The AS and AS-MP adsorption capability in absorbing the MB dyestuff was investigated through the interaction of MB solutions at varying concentrations ranging from 0 to 250 mg L -1 . In Fig. 8 , it can be observed that there is an increase in the number of MB dyestuff adsorbed with increasing concentration of MB dyestuff interacted. Adsorption of MB dyestuff increased sharply at low equilibrium concentrations and gradually increased at high concentrations. This shows that the AS-MPs have a high adsorption affinity 100 rpm) and photographs of selected sample before and after adsorption.
for the dyestuff of MB; blue color of MB becomes visible in the initial state before the adsorption process becomes clear after adsorption is done (Fig. 8) .
In order to obtain the adsorption isotherm pattern that plays a role in describing the distribution between solution and solid phase, the data contained in Fig. 8 were analyzed using adsorption isotherm models of Langmuir [Eq. (7)] and Freundlich [Eq. (8)] [11, 19, 20] as follows:
where C e (mg L -1
) is the equilibrium concentration of MB solution, q e (mg g -1 ) is the adsorption capacity of MB at equilibrium, q m (mg g -1 ) is the adsorbent monolayer adsorption capacity, and K L is the equilibrium constant including the affinity of binding sites (L mg -1 ). K L and q m can be determined from the linear equation plot of log 1/q e vs. 1/C e , which will produce a straight line with 1/q m K L as slope and 1/q m as intercept.
1/n ) is the adsorption capacity factor and n is the adsorption intensity factor, with n values ranging from 1 to 10 [40]. Next, plot of log q e versus log C e will produce K F and exponent of n.
Langmuir adsorption isotherm model assumes that on the surface of the adsorbent, there are a certain number of active sites that are proportional to the surface area, the adsorbent surface is uniform, and the adsorption process is monolayer [41, 42] . While Freundlich adsorption isotherm model is an empirical equation employed for heterogeneous system and adsorption at multilayers [1] .
The adsorption parameters of MB by AS and AS-MPs shown in Table 3 show that the R 2 value of the Freundlich adsorption isotherm model is higher than that of Langmuir adsorption isotherm model for adsorption of MB dyestuff both in AS and AS-MPs. This suggests that the adsorption isotherm model for MB is more fitting to the Freundlich adsorption isotherm model supported by the adsorption of the experimental results closer to the Freundlich model (Fig. 8) . Similar results were reported for the adsorption isotherm of various organic pollutants onto activated carbon cloth [43] [44] [45] [46] .
Freundlich constants (n) of MB adsorption by AS and AS-MPs (Table 3 ) have values greater than 1; this indicates that the adsorption of MB on AS and AS-MPs is favorable in this research [2] . The MB adsorption in AS and AS-MPs not only occurs on active sites on the homogeneous (monolayer) adsorbent surface but also occurs reversibly on heterogeneous (multilayer) adsorbent surfaces [14] .
The adsorption capacity of MB dyestuff by AS-MPs is larger than AS (Table 3) ; these data are in line with the pseudo-second-order adsorption rate constants (k 2 ) ( Table 2 ). The presence of MPs in AS hybrid causes adsorbent to be magnetic thereby increasing the removal rate of MB from solution and the amount of MB adsorbed. In addition, the presence of MPs causes the particle size of AS-MPs to be smaller than that of the AS. This increases the surface area on AS-MPs so that the number of active sites will also increase [47] . Thus, it can be stated that the adsorption of MB dye on AS-MPs not only occurs chemically through the interaction of anionic active groups with cationic MB but also occurs through the physical interaction due to the influence of the magnetic properties of the adsorbent. Table 4 shows the comparison Table 3 time of 60 min Adsorbent Langmuir Freundlich 
Reusability of adsorbent
The reuse of AS-MPs as adsorbent of MB solution was studied by conducting adsorption-desorption process for 5 repetitions (Fig. 9) . The result of adsorption of MB solution for 4 repetitions did not significantly decrease the adsorpeluent to release MB dyestuff from the adsorbent through the substitution of proton against the MB dyestuff as the organic cation [13] . The AS-MP reuse data are an important aspect in wastewater treatment handling as it is very important in reducing water treatment costs.
Chemical stability of adsorbent
The endurance of the AS-MP adsorbent in the medium of acidic, alkaline, and neutral solutions was known by (Fig. 10) . In Fig. 10 , it can be seen that the amount of Si remaining until 6 d of interaction time is at most for the acid solution medium; this indicates that the material is very stable under acidic conditions. Protonation of active 2 , and -OH groups in AS-MP material significantly increases the stability of the material in the water medium, since the protonation limits contact between water and AS-MPs [53, 54] . At the base conditions, the remaining Si concentration is at least corresponding to the increase in interaction time occurring in the aqueous solution with a fairly alkaline pH (pH < 10). The amount of dissolved Si is derived from the hydrolysis of silica network with the release of the active groups, due to the hydrolysis of the chemical bond between the organosilane and the silica surface. If the remaining Si concentration data are an indication of the stability of AS-MP material, then it can be stated that the acidbase media conditions determine the stability of the material.
Stability of AS-MPs after adsorbing MB was studied by characterizing AS-MP adsorbent using IR spectrometer, XRD, and SEM as displayed in Fig. 11 . From Fig. 11 , it can be observed that the characteristics of the AS-MP adsorbent have not changed in the functional groups ( Fig. 11(a) ), XRD diffractogram pattern (Fig. 11(b) ), surface morphology of the AS-MPs (Fig. 11(c) ) compared with the characteristics of AS-MPs before the adsorption process as discussed in section 3.1. These facts show that the adsorbent has stability to be reused for several times in the adsorption process of MB.
Conclusions
Modification of AS hybrids derived from Porphyridium sp. algae biomass with the MP coating has produced an effective adsorbent to remove MB dyestuff in solution.
groups acting as active sites for binding of the cationic MB dyestuff. The MP coating increases the rate and capacity of the AS hybrid adsorption to MB dyestuff in solution. Thus, AS-MP is an effective adsorbent for removing MB dyestuff in solution, chemically stable to acidic and neutral media, and having good reusability; so it can be applied to the processing of wastewater-containing dyestuffs such as MB.
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